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20. REQUIREMENT AND/OR JUSTIFICATION. 


a. This subsystem will provide early warning, observation of military . “3.4 de 


ne aircraft patterns, and ground detection of. targets. No comparable | 

a -~ . f subsystem is currently available or under | opment. All previous — 
“ee .  diafrared systens have been developed for manned aircraft. ‘For satellite: 

+ Spplication, the resolution, sensitivity, scanning, and data processing 

- requirements are of different magnitudes. decause of the altitude. and en- 


r 2 oa |. 
L en a Vironment (nuclear radiation from the APU for example). Extremely high | 


| . | *Beliability is required for unmanned operation, and other operational 


larly of inaccessible regions a3 related to early warning sys ‘. 


; t greatly increased warning time of attack by manned aircraft, air- 

{- | - Dreathing missiles, and ICBM launchings. It will also increase the 

Be _ Air Force capability to provide surveillance of military air treffic 
patterns as an indicator of imminence of hostilities: oo 
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b. Air Force interest will center about surveillance possibilities, particu. | 


be | ]} ¢c. This subsysten sbhoulé increase Air Force lity in the Girection-of 
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21 a. Characteristics 
This subsystem will acquire infrared redintion data for the eiving 
: of manned. bombers and air-breathing missiles. It will include equip- 
ment for information storage and relay to ground intercept stations. 
Variants will provide for detecting and tracking of ICBMs, fox — 
instantaneous data transmission through a multi-satellite commnication 
| | network. Reconnaissance an¢ surveillance date is thus: cerrere= for 
. a intelligence groups. — : . 


| 2b. Approach 


Two models of 4nfrarea ia eacteyine datectora of. the PoTe.. 

_ type are considered: one for operations against manned bombers and 
air-breathing missiles and the other against ICBMs. Although the 
basic concepts will be the same for both, there are two major . | 
aifferences:. the type of scan and method of transmitting the date 

‘to the ground. Por ICEM detection-tracking the information is 

releyed to the ground via an. intersatellite radio network, end a 
satellite-to-ground link. In the case of the manned bomber detection 
system, the information is recorded prior to transmission to the — 
Ground. The type end quantity of infcrmation that is transmitted and - 
recorded is such as to permit the use of very narrow bandwidths 

(on the order of kilocycles).. Sensitivity, resolution, and reliability 
will be the major problems which = be encountered asian) the sub- 


| aa a development pera: 
| ale. Subsystems Tasks 2 Og — 
| | _ a. im Scanner for Bakibor racking 


be Contractor: Eastman Kodak Co., and Lockheed, MSD. 


Ce the optical system for the manned bomber. and the or scereetitag 
‘missile will be designed in. accordance with: conventional 
infrered collector systems. The reflector will be capable of 
around a vertical axis covering; a solid engle of 
90 degrees, making it possible to determine orientation of the 
é | hs Be | target with respect to the satellite. The subsystem will be 
a | 4 cepable of detecting the exhaust plumes of manned aircraft as 
Fo of > 3 well as air-breathing missiles in the radiation region of. 
, © taper = 4.2 microns. The range of detection of a high-altitude 
. 4ntercontinental, vomber or missile will be in the order of 


ae ee —A20 n. miles. (Ref. 1, p.\ A-2) 
; | 
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IR Scanner foc ICEM Tracking 


| Contractor: Eastman Kodak Co., and Lockheed, MSD. 


The optical system to be utilized for the ICBM detection will 


_ be similer in general features to those used fcr bomber de- 


ection. However, due to the nature of the detection problem 


(nigh trajectory ballistic missiles) it will be necessary to. . 


provide tyo reflectors mounted back-to-back creating two 
essentially horizontal fan beams which scan up and down in» 


a nodding motion. The detection range of the system will — 


be a minimum of 3000 n. miles against ISHMs. ‘The altitude ; 


of operztion of the satellites is in the order of 1000 Tle 


miles. (fef. 1, p A-13) 


3. a. Airborne Data Processing _ 
“b. Contractor: CBS and Lockheed, MSD. — | | | 
c. The detected electronic informetion as received by the scanner 
which was described in task 1 soove is appropriately processed. 
by means of a data processing coder in & form suitable for | 
- recording. This data processing equipment will be very 
similer to that being developed for the Electronic Re- 
| connaissance subsystem. ho. 2 & ae 
h. a. Data Recording = | - 
“'b Contractor: CBS und Lockheed, MSD, — 
c. ‘The dute as received from the data processing unit of task 3," 
is stored on a suitable narrow band magnetic tupe recorder. 
The recording equipment will be quite similar to that seing. 
| developed for the Electronic Reconnaissance subsystem. 
“be Contractor: CBS ani Lockheed, MSD. 7 
Ge: «The data as recorded for subsequent transmi ssion (task 4) ee 
provides the input to the data transmission equipment. ~— 
This equipment consists of & transmitter and associated _ 
equipment and will be similar to equipment being developed 
. for the Flectronic Reconnaissance subsystem. | , 2 
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ae |} «Gs as. Dats rink Network for ICEM Tracking 
| b. Contrector: CBS and Lockheed, MSD. 


| | | :  @e To provide for inmediate transmission of ICEM track dates: as 
: a - dnter-satellite network is required. This network is composed 
of an omnidirectional transmitter and receiver in each | | 
a . gatellite. ‘This equipment will not impose a serious weight 
| | - problem. As targets are detected, the inter-satellite 
| oo network is activated and all pertinent information is 
instantaneously put into the network. ‘The mumber of 
satellites in this system is chosen such that detection ; 
requirements as well as inter-satellite network requirements — 
are met. (Ret. Ly P siete 


; a a. | Other Informetion 


"Design techniques as developed by other comenies in the I-R fiel¢ 
will be monitored in order to assure the completion of a satisfactory... 
ee ee ‘There is no available 


1 _ | adequate equipment. 


an . | 2Le. Backg ‘History © | _ 7 
i ere | * Study contracts such as Pied Piper under. AF 33(616}3105 have de- 
a ee a termined thet reconnaissance data to be obtained with a satellite =| 
can be obtained in no other way. Study has determined that im = 


portant data could be ee en ree Re- 
tear ge Lalo 


(Slt. Future Plans | ae 
It is planned to continue the studies already initiated and to 


ae 7 9 | - develop ao real suitable for meeting. 
? s | nj 21 ge References _ 7 - 
xs Le 2a | Quartenty Report, Project Pied Paper. 
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I. GENERAL - 2 
A. Statement of the Problen 


: The basic objective in this’ subsystem is the solution of the 
Problem of detecting and monitoring infrared images of minute size rela~ , 
tive to the large field of view involved.. Another aspect of the problem - 
oe _.  _fnvolyes the urgency of extracting the data for immediate conversion to 
i _ ~military usefulness in. counter force activities and to preserve it for 
use in military intelligence. As in the case of the visual reconnais- 
sance subsystem, the problem is further complicated by the satellite's — 
orbital altitude and velocity. Stag | Lem 


B. - Approach » 


Sig The approach which will be followed in solving the. problem 
of developing the infrared subsystem is as follows: Two models of 


infrared equipment, employing detectors of the PoTe type are considered , 
‘one for operation against manned bombers and air breathing missiles ind 
a the other cgainst ICBM's. Although the basic concepts will be the same. 
a _ for both, there are tvo major differences, namely, the type of ecan and, 
ae | in the case of the ICBM detection tracking system, the information being 
we eLayed to the ground via an intersatellite radio network erd satellite- 

D Sata. | to-ground link. In the case of the manned bomber detection system, the | 
1 ‘>. dnformation is recorded prior to transmission to. the ground. . The type - 

os . and quantity of information that is trensmitted and recorded is such as 
fe ne fo permit the use of very narrow bandwidths (on the order of kilocyeles 
c 1. + Per second). ‘The specific equipment to be: developed is described in 

Ce | . Sec, 2. - | oe Hg . @ Tate & 4%, 


 @. Solution 


ew. me: Tentative measurements on the infrared ‘Yadiation emanating 5° 
from high thrust vocket engines have indicated the feasibility for de-. 


ee vecting and tracking aircraft and ICEM's from satellites. However, it | 

Oe ee be will be necessary to carry out a continuing research end testing pro- _ 

ee Gram aimed at determining radiation values from rocket engines, sensi- 

- | tivity required of infrared detector cells, and means of increasing . 
as _ their carnntilities. a “we & ; fee 

7. a rae he _ , | G-Tab I, pl. 


° 
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y  # 


Simultaneous with the research program Will be the prepar- 
ation of the design Specifications for the first experimental lebora-_ 
tory model of infrared stamner, This Will be followed by design, 
fabrication and testing of environmental Components for flight test > 
a2 atreraft test model, a payload test vehicle model and later, ; 
operational test vehicle model of the Overall subsysten equipment. 


(bet be t : ; ‘ a 
‘automatic unattended System operating in the extreme: environment which | 
. WEL exist ina Satellite nuclear radiation fields due tOAPUL, 
extreme variations ia temperatures, etc. ), 7 ete, iad 


specific example is the problem of operating the infrared scanner in 

_ the extreme temperature environment and low pressures. This is aon.. 
_ Sidered to be: primarily a design Problem in materials » bearing seals, 
ete. Shielding design requirements, due to muclear Tadiation fields, 
must be determined. in order to prevent deleterious effects on the 
operation of the PoTe infrared cells, if in fact: such effects exist. 


cot... information mst be derived concerning the spatial and 
Spectral characteristics of rocket engines at various altitudes. and 
using various fuel combinations, _It is planned to carry out these 





\\ 


configuration by Scaling down eng calibrating the major components in 


omer to similate the operation from &@ satellite, Other laboratory" 
bench models vill also be Tebricatea, = | | — 


peel. | s : # Such as. int 
_  bectors, scanner bearings, amplifiers, instrumentation, ete. 


- *, The next step ts the design’ and. fabrication of several nodels 
of the complete IR equipment including all Components to be uticized in . 
Complete subsystem tests da the Payload Test Vehicle (PTv}),. These tests 
Will allow the first Opportunity to. carry out Gevelopment tests of the me 


Cquipment in the full ale orbiting vehicle, There be Varia. 

tions or the equipment for the first time which wil} tracking or 

Oth manned re 2 4nd air breati Missiles as Well as the ICBM' g 
‘series of models for comple king Cquipment 


: | llite Se eet ORs Network: 
: the use of two. satellites in orbit Simul aneoualy, - a. 


ees 5 iia are no components in the subsystem vhich are inherentiy p28 gi, 
unreliable except for some Portions of the electronic elreuitry, The | — 


— Clectronie unreliability will be treated by the use Of redundancy of 


: | There are RO special | installation considerations necessary 
in connection with the infrared subsystem except for the removeable noge 
pe NO major GFE ts requirea, oo S ae, a _ # 
| — - | G-Tab-1, p 3 | 
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II. DESCRIPTION OF SUBSYSTEM TASKS 
. A. IR Scanner for Bomber Tracking | 

: The optical: system for the manned bomber end air breathing 

missile will be designed in accordance with conventional infrared 
collector systems. The following represents a general guide to how | 7 
the problem ‘emy be solved. ‘the collector would consist of a line ; Os 
array of 40 cooled PhTe detecting cells contained at the focal plene - 
of a 56 in. diameter reflector. Eack element would cover a 1° elemental 
field of view. The reflector would be capadle of scanning around a 
vertical axis and thus cover a solid angle of 90° in hO concentric 1° 
circs>s. The azimuthal orientation of the optical system would be de- 
termined aud by’ electronically scanning each individual detecting 
element in the line array, it would be possible to determine the or- — 
dentation of the target with respect to the satellite. The deteciing 
_Glements are capable of detecting the exhaust Plumes. of manre¢. aircraft 
88 well as air breathing missiles in the radiation region of 4.2 | 
microns. The range of detection on a high altitude intercontinental. 
bomber or miss*ie shall not be less than 42C n. miles. A typical in. | 
‘ Stallation of this type of equipment in an orbiting vehicle is shown in 
Fig. 1. Additionel information concerning the operational and hardware . 
studies which support: the proposed solution to this task appears in the | 


Second quarterly report, MSD-1481, pages 8, 17 and 41. 


B.. IR Scenner for ICBM Tracking _ 

| The optical system to be utilized for the ICEM detection __ 
would be similar in general features to that for the detection of manned 
bombers. However, due to the nature of the detection problem (high tra- 
Jectory ballistic missiles) it will be necessary to provide. two refiec- 
tors mounted back-to-back which create two essentially horizontal fan 
beams which scan up and down in a nodding motion. The optical systen. 
would consist of upwards of 70 cooled PbTe detecting elements arranged 
_ in a line array at the focal plane of a 56.in. rflector. The incre. 

. mental field of view will be in order of 0.25° and the overall detec. | 
tion cone will be around 18°. ‘he detection range of the system would | oo 
be a minimum of 3000 n. miles against ICEM's. The altitude of operation . 

of the satellites is in the order of 1000 n. miles. Additional details. 
covering the operational studies which support the proposed. solution of 
‘this task appear in report No. MSD-1481, pages 9, 18, and A-13, pk 


C. Airborne Data Processing 
The detected electronic information as received by the scan- 
ner which was described in pare. TTA is appropriately processed by , 
- me | "- @ Tb 1, ph 
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means of a data processing coder in a form suitable for recording. | 
This data processing equipment will be Similar to that veing developed 
for the Electronic Reconnaissance Subsystem F. ft 7 Ca on 


| The data as. received from the date Processing unit of para. 
II in this tab is stored on a suitable narrow. band Magnetic tape re. 
corder. This data Tecording equipment Will be similar to that being . 
developed for the Electronic ‘Reconnai ssance Subsystem, | : 


E. 





oe T provide for immediate transmission of ICEM tracking data, 
" Sn. intersatellite network is required... Thig network is composed of ay 
omidirectional. transmitter end receiver in each Satellite and would 
Operate on a freoue: Sy of about 30 m.in order to minimize the radia. 


 pptean ct Teaches the ground. As the “izgets are detected by the 


Mie Operational considerations which dictate the use st the prox ae, oo ae 
inter-setellite network are contained in report No. MSD-148) , page i 2 re 
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